Introduction
In the past two decades sustainable chemistry concerns encourage chemists for design and applications of ecofriendly and biodegradable compounds and catalysts in organic reactions. Among the different biodegradable compounds, starch is one of the completely biodegradable and cheap carbohydrates, which is constructed from large number of glucose units linked by glycosidic bonds. Starch is renewable and can be regenerated from carbon dioxide and water by photosynthesis in plants. Potatoes, wheat and rice contained this material in large amounts.
1 Using heterogeneous catalysts with recoverable and reusable properties is also in line with the objectives of sustainable chemistry standpoints. 2 However, less efficiency of heterogeneous catalysts with compared to their homogeneous counterparts and separation problems of these catalysts by simple filtration or centrifugation methods are two important drawbacks of heterogeneous catalysis. One of the best solutions to overcome these problems is the use of magnetic catalysts having large ratio of surface area to volume, low toxicity and superparamagnetic behavior. These type of magnetic supports allow the simple separation from the reaction mixture by an external magnetic field. 
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Please do not adjust margins Particle size distribution plots obtained from TEM measurements for CuFe 2 O 4 and CuFe 2 O 4 @Starch confirmed major parts of the particles are located between 10-30 nanometers (Fig. 3) . The corresponding SEM image of CuFe 2 O 4 @Starch showed the presence of uniform particles in micrometer size, which are related to starch particles. Furthermore, EDS mapping images of the CuFe 2 O 4 @Starch indicated the presence of uniformly dispersed Fe, C and Cu in the structure (Fig. 4) .
Please do not adjust margins Further insight into the surface composition of the CuFe 2 O 4 @Starch was obtained from X-ray photoelectron spectroscopy (XPS) (Fig. 6 ). For the XPS of Cu 2p regions, the binding energy for Cu 2p3/2 is located at 932.9 eV with a shake-up satellite at 943.6 eV, and for Cu 2p1/2 is observed at 952.7 eV with a satellite at 962.7 eV. The main peaks at binding energies of 932.9 eV and 952.7eV (Cu2p3/2 and Cu2p1/2) are assigned to Cu 2+ on octahedral sites, while the minor ones at 954.5 eV and 934.9eV can be assigned to Cu 2+ on tetrahedral coordination sites (Fig. 6a) . 16 Also, the high resolution narrow scan for Fe2p showed two peaks centered at 710.4 eV and 724.1eV corresponds to Fe 2p3/2 and Fe 2p1/2 and are due to Fe(II) species. The peaks centered on 712.5 and 725.1 eV, corresponding to Fe 2p3/2 and Fe 2p1/2, respectively, and are consistent with typical values for the ferric oxides. The peak at 718.5 eV is a satellite peak for the above four peaks, indicating the co-existence of Fe(III) and Fe(II) in the catalyst (Figure 6b ). 1 XPS analysis further confirmed the presence of carbon of starch by showing a peak related to C1s at 184.6, 286.3 and 288.4 eV related to C-C/C-H, C-O and O-C-O respectively (Fig. 6c) . Thermogravimetric analysis (TGA) of prepared CuFe 2 O 4 @Starch showed two main weight losses between 25 and 800 °C. First weight loss (50-150) is related to physically adsorbed water and organic solvents and second one is related to decomposition of starch polysaccharide structure. This diagram confirms thermal stability and negligible structure leaching of CuFe 2 O 4 @Starch up to 280 °C (Fig. 7) .
Please do not adjust margins We have tested the catalytic activity of the prepared magnetic material in 1,3-dipolar cycloaddition of azides and alkynes. Initially, reaction of benzyl bromide, sodium azide, and phenylacetylene was selected as a model reaction and effects of different reaction conditions such as solvent and amount of catalyst were studied ( Having the optimized reaction conditions in hand, the scope of this reaction with different alkyl halides and acetylenes was studied. Reactions of benzyl halides with sodium azide and phenylacetylene afforded the corresponding triazoles in high to excellent yields (Table 2, entries 1-5). Also, reactions of ortho substituted benzyl bromides were performed efficiently and gave corresponding products in 76-85% isolated yields (Table 2 , entries 6-7). Reactions of benzyl bromides with other alkynes such as 4-ethynyltoluene, 4-ethynylanisole and propargyl alcohol took place efficiently (Table 2, entries 8-11). Furthermore, reaction of 2-bromoethyl benzene as well as other aliphatic alkyl bromides proceeded efficiently and gave corresponding products in 78-91% isolated yields (Table 2 , entries 12-15). When arylboronic acids were allowed to react with sodium azide and phenylacetylene, under the optimized reaction conditions, the corresponding 1,2,3-triazole derivatives were obtained in 80-83% isolated yields (Table 2 , entries 16-19). X ( 1 mmol), NaN3 (1.5 mmol), alkyne (1.5 mmol), and H2O (2 mL) and catalyst
We have also studied large-scale laboratory application for the reaction of benzyl bromide (10 mmol), sodium azide (15mmol) and phenylacetylene (15 mmol) under optimized reaction conditions. Result showed reaction proceed well and afford 90% isolated yield for the desired product.
Finally the recyclable ability of the catalyst has been studied for the benchmark reaction of benzyl bromide, sodium azide, and phenylacetylene. After completion of the reaction, the resulting suspension was subjected to external magnet and after washing and drying the separated catalyst was used for another reaction batch. Results showed that yield of reaction was decreased from 92% to 90% in run 5 and from run 5 to 11, the yield decreased to 84%. However, in run 12, the yield of the reaction was significantly decreased to 68%. These results indicated that the catalyst is recyclable for 11 runs with small decrease in activity (Fig 8) . TEM images of the catalyst after 12 runs showed the preserve of catalyst structure with small aggregation of nanoparticles (Fig. 9) . Also, XPS analysis of reused catalyst after 12 runs showed preserve of structure by showing related peaks to Cu 2p, F2p and C1s elements (Fig. 10) . Superparamagnetic properties of the recycled catalyst after the 12 run showed a very slight decrease in the magnetization value (Fig. 5) . 
Conclusions
In conclusion, in this work we have prepared CuFe 2 O 4 @Starch a highly water dispersible, efficient and magnetically separable heterogeneous catalyst for click synthesis of 1,2,3-triazoles in water. Using this catalyst, various alkyl halides as well as arylboronic acids reacted efficiently with sodium azide and alkynes. This catalyst was recycled up to eleven times with small decrease in its activity and the fresh and recovered catalysts were adequately characterized by spectroscopic and microscopic techniques.
Experimental
Synthesis of (3-mercaptopropyl)triethoxysilane functionalized starch (SH@Starch) Starch (1 g) was dispersed by sonication during 15 min in dry toluene (15 mL) . To the resulting suspension, (3-mercaptopropyl)triethoxysilane (3 mmol, 0.72 mL) was added and the mixture was stirred under reflux for 24 h under argon atmosphere. Then, the reaction mixture was subjected to centrifugation and 3-mercaptopropyl triethoxysilane functionalized starch (SH@Starch) was separated. The solid was washed successively with EtOH (20 mL) and CH 2 Cl 2 (10 mL) and dried under vacuum for 24 h.
Synthesis of (3-chloropropyl)triethoxysilane functionalized CuFe 2 O 4 nanoparticles Cl@CuFe 2 O 4
CuFe 2 O 4 nanoparticles were synthesized by the procedures described previously.
4d CuFe 2 O 4 NPs (500 mg) were dispersed in dry toluene (15 mL) for 30 min using ultrasound assistance.
To the resulting suspension, (3-chloropropyl) triethoxysilane (2 mmol, 0.48 mL) was added and the mixture was refluxed for 24 h under argon atmosphere. The (3-chloropropyl) triethoxysilane functionalized CuFe 2 O 4 NPs (Cl@CuFe 2 O 4 ) was subjected to magnetic separation, and was washed sequentially with EtOH (3× 20 mL) and dried under vacuum.
Grafting of Cl@CuFe 2 O 4 NPs on SH@Starch:
Cl@CuFe 2 O 4 NPs (100 mg) and SH@Starch (600 mg) were dispersed separately in toluene (15 mL) for 30 min and then mixed together. To the resulting mixture, Et 3 N (2 mmol, 0.28 mL) was added and reaction mixture refluxed for 24 h under argon atmosphere. Then, the mixture was subjected to magnetic separation and the isolated CuFe 2 O 4 @Starch were washed sequentially with CH 2 Cl 2 (2× 10 mL) and dried under vacuum for 24 h.
General procedure for Synthesis of 1,2,3-Triazoles using CuFe 2 O 4 @Starch
To a flask containing catalyst (0.1 mol%, 15 mg) were added benzyl halide, alkyl halide or arylboronic acid (1 mmol), sodium azide (1.5 mmol, 97.5 mg), alkyne (1.5 mmol), and H 2 O (2 mL). The mixture was stirred at room temperature for 24 h under air atmosphere. Then, mixture was washed with ethyl acetate (3×15 mL) to extract crude products. Further purification of products was achieved with column or plate chromatography using hexane and ethyl acetate as eluents.
